Introduction.
How well is the East Asian growth miracle explained by the neoclassical growth model? The answer to this question is important for reproducing the success of these economies in other regions, as well as understanding the current crises. Growth accounting studies suggest that high rates of capital accumulation, rather than productivity growth, underlie East Asia's success. Similarly the current economic slowdown could be taken as evidence of reduced rates of accumulation due to diminishing returns (Krugman 1996) . King and Rebelo (1993) however argue that transitional dynamics can only account for a minor fraction of growth. In support of their theoretical argument, it has been suggested that growth accounting results are ambiguous. Much of the share of growth attributed to capital could be induced by productivity change (King and Levine 1994) . 1 This paper attempts to resolve these issues by deriving a simple, but formal, statement of the relationship between growth accounting results and the predictions of the neoclassical growth model. This provides the theoretical framework to interpret the growth accounting data. I then use the growth accounting studies by Young (1995) and Bosworth and Collins (1996) , to interpret the East Asian experience in terms of the standard neoclassical model. The data from these studies largely vindicate King and Rebelo (1993) . I find that the transitional component in these economies accounts for only 11% of the overall growth in Hong Kong, 24% in South Korea and as little as 6% in Taiwan. Thus despite apparently large capital contributions, the effect of transitional dynamics has been small in these economies.
The outline of the paper is as follows. Section 2 reviews the relationship between the growth accounting contribution of capital and steady state growth paths. 2 In Section 3, I show how this relationship is altered when the economy is on a transition path.
Section 4 then re-interprets previously published growth accounting studies of the East Asian economies and Section 5 concludes.
Growth Accounting and Growth theory.
While the primary use of growth accounting has been to quantify the rate of growth of productivity, many studies also use growth accounting results to identify the contributions of capital and labour inputs. Early growth accounting studies found that the relative contribution of capital, c K , was approximately 1/3, which was also the assumed cost share of capital. Phelps (1962) however showed that this result is mechanical if (i) factor shares sum to one; and, (ii) all inputs are growing at the same rate. The first condition is implied by the assumption that the economy's aggregate production function is homogeneous of degree one, and that factors are paid the value Kohli (1997) , has also confirmed these findings of the authors cited in the text, while Chen (1997) and Drysdale and Huang (1997) and Sarel (1997) have challenged Krugman's interpretation of the data. 2 The discussion follows the descriptive versions of this model, Solow (1956) , Swan (1956) , and Mankiw, Romer and Weil (1992) . Similar results would hold however in optimal consumption versions of the model, and endogenous growth models which also exhibit conditional convergence, such as Lucas (1988). of their marginal product. The second condition is implied by a steady-state growth path.
Thus under standard assumptions that reflect empirical regularities or stylized facts, growth accounting assigns a fraction of growth to capital accumulation equal to the weight of capital used. Nevertheless, in a neoclassical model, all steady state growth in output per worker is induced by productivity change. 3 These considerations have given rise to a folklore, that growth accounting results understate the actual contribution of productivity to growth. Citing King and Levine (1994, pp 269-271) "These growth accounting exercises are just that, accounting exercises.
There is no presumption of a causal relationship. Exogenous increases in technology could cause both output and capital to grow. 4 Similar comments can be found in standard texts such as Barro and Sala-i-Martin (1995), and Romer (1996) . Yet there is no formal statement of the relationship between the growth accounting contributions and the standard neoclassical model when the economy is off the steady state growth path. Deriving this relationship is crucial to reconciling the growth accounting results with the growth theory. In this section I shall first review Phelps' (1962) result. I then consider the implications of transitional dynamics on the growth accounting contributions in Section 3.
Assume there is an economy with an aggregate production function producing output,
Y(t), with inputs of capital, K(t) and effective labour inputs, A(t)L(t). That is
Assume that the function is homogeneous of degree one and satisfies the Inada conditions. Further assume that technological change is Harrod neutral and technology and labour grow exogenously at rates g and n respectively. 
where s is the savings rate (which may be exogenous, s = s or endogenous, s = s* in a Ramsey model). Given homogeneity of degree one, output per effective worker,
, can be expressed in terms of the capital per effective worker
where the dot indicates a time derivative. The economy will eventually reach a point where k = 0. In this steady state the ratio
5 It is more usual to assume that s is the gross savings rate and assume depreciation is a constant fraction of capital each period. The assumption here is more convenient for our purposes. Alternative treatments of depreciation do not significantly alter the results.
The capital stock will grow at the rate n+g. Next define the elasticity of output with respect to capital
Because F(K, AL) is homogeneous of degree one, the elasticity of output with respect to labour is 1-α(t). 6 Equation (4.) shows the result that, if factors are paid according to their marginal products, these elasticities are also the factor income shares in total output.
Using equation (4.), logarithmic differentiation on the production function gives the
Substituting in equation (3.), one can see that in a steady state the growth attributable to capital is α(t) (n + g) and the growth attributable to augmented labour is (1-α(t)) (n+g). Ignoring the time index, the relative contribution of capital to growth, c K ,
from c K = α , reflect deviations from steady state growth paths and, therefore, growth due to transitional growth. This idea is developed in the following section.
Capital accumulation and productivity growth on the transition path

An interpretation of the contribution of capital, c K .
It has been argued that growth in industrializing economies is can be described by the transitional dynamics of the neoclassical growth model (Mankiw 1995, Barro and Sala-i-Martin 1995) . This theory is illustrated in fig. 1. An economy with a low initial capital stock per effective worker, such as k, will have a high growth rate of capital in view of its high average product of capital. This can also be seen from equation (1.).
As the economy accumulates capital, both the average product of capital and the rate of transitional growth will fall. The question is I wish address in this section is, how does c K change when the economy is following a transition from an initial level, k to k*?
7 Similarly, the relative share of effective labour is c c c
Proposition 1 (i) The approximate value of the capital growth contribution, c K , for an economy is determined by only the cost share of capital, α, and the proportional distance from the steady state, ln(k*/k).
(ii) Any economy that is below its steady state level of capital will have a relatively high value of c K irrespective of the rate of technological change, for a given value of the cost share of capital, α.
Proof
It is useful to consider the proportion of transitional growth defined as
In fig. 1 this is the distance DB/Dk. Using equation (7.), the relative contribution of capital to overall growth, c K , is simply
Thus there is a simple general expression for c K , in terms of α and γ. Unfortunately there is no general closed form solution for γ. However an approximate solution is available following Mankiw, Romer and Weil (1992) . The first order approximation of a Taylor series expansion around the steady state equilibrium gives
It is known that if the production function is isoelastic, so that α is a constant then this approximation is exact (Barro and Sala-i-Martin 1995) . Using equation (9.) we have
Thus for a given cost share of capital, the ratio of proportional transitional growth is determined by the distance from the steady state. 8 It can be seen further that ∂ ∂γ c K / > 0, which proves part (ii) of the proposition.
Recall Phelps ' (1962) result that the contribution of capital is mechanical when the economy is on a steady state. It implies that, with similar cost shares of capital, all countries on a steady state growth path will have similar contributions of capital, irrespective of their population growth rates or rates of productivity increase.
Proposition 1 generalizes this to all possible growth paths. Thus, given similar cost shares of capital, countries that are the same distance from their respective steady states, will have the same contribution of capital, irrespective of their population growth rates or rates of productivity increase.
Although the value of c K is independent from the rate of productivity growth progress, it does reflect the relative extent of transitional growth or the relative 8 That is for a given value of y* or k*. An increase in the rate of productivity growth or labour force growth will cause a decline in k* and y* and hence reduce γ and c K . Nevertheless if we consider two otherwise identical economies with different rates of productivity growth, they will have the same value of c K if they are the same distance from their respective steady states. Note also that γ may be expressed in terms of income per effective worker as γ α α = − (( ) / ) ln( * / ) 1 y y .
distance from the steady state. This can be seen by solving for solving equation (8.) for ln(k*/k) or ln(y*/y). 9
Hence, as suggested in the previous section, the extent to which c K exceeds α reflects proportional transitional growth and is determined by the distance from the steady state and the size of α.
Patterns of growth in developing economies
Proposition 1 is revealing in the light of empirical studies that find that less developed countries (LDCs). Many of these find that LDCs have high capital contributions and low measured productivity contributions, relative to developed countries, (Chenery, Robinson and Syrquin, 1986 , World Bank 1993 , Havrylyshyn 1990 , Collins and Bosworth 1996 . The high capital contributions suggest that developing economies on average are experiencing more transitional growth then developed economies. It is straightforward to derive how the relative productivity contribution to growth behaves in the neoclassical model.
Proposition 2
The contribution of total factor productivity to growth also depends on the distance of economy from its steady state. Countries below their steady state capital per effective worker levels or with high population growth rates, will have relatively low contributions of total factor productivity.
Proof
This contribution can be defined as, Similarly the World Bank (1993) describes countries with c A < 33% as "investment driven", and those with c A > 33% as "productivity driven". From equation (12.), it can be seen that that some of the productivity driven economies may have higher values of productivity growth, g, than the investment driven economies. If one interprets "investment driven" to mean above steady state growth rates, then the World Bank's scheme would make sense only if ( ) /( ) 1− + α g n g = 0.33. 10
Singapore. 10 The World Bank's number of 33% is derived from empirical observations in Chenery et al (1986) .
Growth in East Asia.
As discussed above, the East Asian growth is a subject of controversy. Prominent studies by Kim and Lau (1993), Pilat (1994) , Young (1994a Young ( , 1994b Young ( , 1995 and Collins and Bosworth (1996) , find relatively low measured productivity residuals, and high relative contributions of capital. The results from the preceding section show that the growth accounting contributions are easily related to the extent of transitional dynamics. If data are available on growth rates however, then the transitional component of growth can be calculated directly as / / /( )
where φ is the productivity or "Solow" residual,
. The transitional growth rate of income can be similarly calculated as
We may also consider the distance of the economy from the steady state, which can be calculated from equation (11.). Using these relations one can interpret growth accounting results in terms of the standard growth theory. Tables 1 and 2 present the relevant data for South Korea, Taiwan, Singapore, and Hong Kong, using data from Young (1995) and Collins and Bosworth (1996) . 11
11 These studies were chosen because of their prominence and because the underlying data are presented in a manner which facilitates the use of the expressions above. Young's data has the advantage that it contains estimates of the capital cost share for each country, whereas Collins and Bosworth (1996) use a constant value of 0.35. On the other hand, Young (1995) excludes the agricultural sector, which explain partly why his growth rates are lower. Collins and Bosworth (1996) (1) This finding is an endorsement of the theoretical argument made by King and Rebelo (1993) . They argued that transitional growth could, at best, be only a minor component of growth in industrializing economies. 12 Ironically Young's study is often accepted as evidence against King and Rebelo's results (for examples see Collins and Bosworth, 1996 and Levine 1994) . Intuitively the high capital shares seem to support the notion that transitional growth has been important. In fact, the data show that only between 6-24% of the growth in Taiwan, South Korea and Hong Kong can be attributed to the transitional dynamics. Singapore is an exception. However, even in Singapore, the share of transitional growth is only 30%.
Next consider the changes in these contributions over time. This depends on the extent to which the economies have converged to their respective steady states over time. In this regard it is useful to consider the final column in each table that shows the imputed ratio y*/y, for each country. Table A1 shows that transitional capital accumulation in Taiwan Third, there is some support for the thesis that these economies have entered steady state growth in the last decade, with the ratio y*/y very close to unity in the late 80's to 90's. The onset of diminishing returns then may underlie a growth slowdown in the region. Nevertheless, the data reveal that the rate of productivity growth in the last decade has been at historically high levels (Collins and Bosworth 1996) . This can be seen in tables A1-A4, where the productivity or "Solow" residual in the latest period is higher than the average for the whole period. Further the pattern of non-monotonic convergence show that steady state growth paths have been attained in the past, only 13 The equations above suggest a natural procedure or decomposing the changes in the steady state into these components, however that is a subject of further research.
to be interrupted by a period of convergence to a new steady state. It would therefore be hasty to conclude that these economies have exhausted their prospects for capital deepening through convergence to a higher steady state.
Conclusion.
What caused the East Asian growth experience? Answers to this question from growth accounting results suggest that the proximate cause has been high levels of input accumulation. This however unsatisfactory as it does not inform us as to the causes of the changes in inputs.
Despite this many of these studies have been widely interpreted as evidence that technology transfer and other productivity improvements have been relatively unimportant. Rather, it is suggested, factor accumulation accounts for the bulk of the change. On the other hand King and Rebelo (1993) showed that if one attempts to explain growth in terms of the neoclassical growth model, productivity change must explain the bulk of growth. This theoretical view has never been satisfactorily resolved with the growth accounting evidence.
Using the result of Mankiw et al (1992) I derive a simple closed form expressions that relate the size of the capital and technology contributions to the exogenous variables of the neoclassical growth model. These show that the contribution of capital to growth depends only on the cost share of capital and the distance from the steady state income level. I use this to show that some common interpretations of growth accounting shares can be misleading.
Miracle. Growth is dived into a transitional and a steady state component. It is shown that Young's (1995) and Collins and Bosworth's (1996) 
